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Abstract: Remote communities that have limited or no access to the power grid commonly employ
diesel generators for communal electricity provision. Nearly 65% of the overall thermal energy
input of diesel generators is wasted through exhaust and other mechanical components such as
water-jackets, intercoolers, aftercoolers, and friction. If recovered, this waste heat could help address
the energy demands of such communities. A viable solution would be to recover this heat and use it
for direct heating applications, as conversion to mechanical power comes with significant efficiency
losses. Despite a few examples of waste heat recovery from water-jackets during winter, this valuable
thermal energy is often discarded into the atmosphere during the summer season. However, seasonal
thermal energy storage techniques can mitigate this issue with reliable performance. Storing the
recovered heat from diesel generators during low heat demand periods and reusing it when the
demand peaks can be a promising alternative. At this point, seasonal thermal storage in shallow
geothermal reserves can be an economically feasible method. This paper proposes the novel concept
of coupling the heat recovery unit of diesel generators to a borehole seasonal thermal storage system
to store discarded heat during summer and provide upgraded heat when required during the winter
season on a cold, remote Canadian community. The performance of the proposed ground-coupled
thermal storage system is investigated by developing a Computational Fluid Dynamics and Heat
Transfer model.
Keywords: energy storage; energy recovery; geothermal energy storage; heat recovery; geothermal
heating; exhaust heat recovery; cold climates
1. Introduction
Communities situated on distant land masses that have either limited or no proper access to
the communal facilities, such as power lines and road access, are generally deemed as “remote
communities”. These remote communities are usually dependent on local fossil-based power
generation. Diesel generators are the most common choice for on-site electricity generation in these
communities. In countries like Canada and Norway, logistic and transportation challenges result
in sizeable increases in fuel costs for remote communities compared to their urban counterparts.
This impact results in relatively higher living and industrial costs. Nunavut, where many remote
communities are situated, is a good example to better illustrate this cost difference for Canada. A study
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suggested the cost of obtaining the same amount of energy for Nunavut communities is almost ten
times higher than the Canadian average [1].
Analyses conducted on a wide range of modern generators have shown that nearly 65% of the
overall energy generated in a diesel engine is discarded as heat through water-jackets, aftercoolers,
and exhaust [2]. This means, approximately 2 kWh worth of heat is simply discarded through several
streams in the generation of 1 kWh of electricity. Recovering heat from cylinder block or jacket
water is a common practice for space heating purposes. However, despite being suggested by many
studies [2–5], heat recovery from exhaust streams of diesel gen-sets is still not commonly observed in
practical applications.
Many studies have elaborated on conversion of waste heat from diesel gen-sets to mechanical
power by use of Organic Rankine Cycle (ORC) [6–9]. Some of them have focused on the heat recovery
process [10,11] or performance of different heat exchangers involved in capturing this heat [12–14].
There are also other studies signifying the potential of thermoelectric systems [15–17]. However, these
studies imply that the efficiency of converting diesel waste heat to mechanical power is deemed to be
relatively low mainly due to its low-temperature characteristics.
Aside from their need for power, remote communities are strongly reliant on fossil fuels for
their heat demand as well. One way to relieve this fossil fuel dependency is to use the waste
heat discarded from the diesel gen-sets. Nonetheless, unlike electricity, heat demand is typically
dependent on seasonal temperature fluctuations and is not always highly needed. According to
Erlund et al. [18], renewable heat sources are not always available in these remote locations and if
available the capacity is inadequate to serve the peak and fluctuating demand. So, an alternative way
to face this seasonal demand issue, while maximizing the waste heat recovery throughout the year, is
to consider seasonal thermal energy storage (STES) methods. Seasonal thermal energy storage can
compensate the year-round mismatch between the heat availability and the demand. By coupling
an STES system to a waste heat recovery unit(s), the excess waste heat recovered from the diesel
generators can be collected in a storage medium during the low-demand periods of summer for later
use in winter, when the heat demand is higher. This alternative solution is not only greener, as it
diminishes the fossil fuel consumption, but it is also reliable enough to help remote communities to
save on their energy costs. In fact, Fisch et al. [19] studied and compared thirteen existing large-scale
solar heating plants in six European countries with short-term (diurnal) and long-term (seasonal)
storage applications. In their study, it was shown that the short-term storage could meet 10–20% of
total annual heat demand while seasonal storage could provide 50–70% of this requirement with more
visible impact on CO2 reduction [19].
A major challenge in STES is the storage medium and several solutions have been engineered
for underground heat storage. Among such types of underground thermal storage techniques
(e.g., hot-water thermal energy storage, borehole thermal energy storage, aquifer thermal energy
storage, gravel-water thermal energy storage), borehole thermal energy storage (BTES) was selected
for underground heat storage in this research. A BTES system is an underground structure that
acts as a heat exchanger to transfer heat directly to and from the ground. This heat exchange is
driven by the temperature difference between ground and working fluid allowing for both heat
injection (warm fluid, cold ground) and extraction (cold fluid, warm ground) to be achieved. Heat
injection can be conducted in the summertime (through U-tube pipes inserted into boreholes drilled
at various depths). Inversely, heat extraction can be achieved during the winter time, when thermal
energy is needed, by running the same system with an opposite temperature difference. This type of
heat storage is available in most areas and does not have geographical limitations like aquifer and
gravel-water thermal storage [20]. Moreover, less initial cost is required for BTES than hot water and
gravel-water thermal storage, due to easier construction requirements [21]. Another advantage of BTES
is benefiting from modular design, in which further boreholes can be attached to the system in response
to changes in demand and/or supply [22]. In fact, BTES systems have been effectively employed in
several STES applications [23–27]. It has been successfully applied mainly in thermal energy storage
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from solar heating collectors such as a full-scale system employed on a district heating network in
Okotoks, Alberta, Canada [28]. The solar heating application has also been extensively studied both
numerically [29,30] and experimentally [31,32]. Besides that, Welsch et al. [33] have shown over 40%
reduction in greenhouse gas emission by attaching combined heat and power (CHP) plants and/or
solar thermal collectors to BTES systems. McDaniel et al. [34] have shown the improvement in the
flexibility of operating a CHP plant (combination of a gas turbine, a high-pressure steam turbine, and
a low-pressure steam turbine) by coupling with a BTES system where it has replaced burning fossil
fuel for heating purposes.
According to the abovementioned studies, coupling a BTES system with CHP power plants
(solar, wind turbines, nuclear, steam turbine) is a sensible strategy. However, so far, no study has yet
been found that shows the coupling between a BTES system with the waste heat recovery system
from the diesel generators in the remote communities that intends to provide green heat according to
the demand. The present study is unique in investigating the feasibility of using BTES systems for
recovering waste heat of diesel generators used on remote locations in cold climate countries such
as Canada and Norway. It offers a numerical simulation tool needed to assess the techno-economics
of such systems and underlines the energy/environmental benefits of integrating BTES into remote
power generation equipment. This study limits its scope by looking forward to providing green
heat to the remote communities during winter only by using its existing power generation strategy.
Any alternative idea to replace the power generation source is beyond the scope of this study.
2. Model Description
Figure 1 shows the schematics of the proposed system. In this scenario, during winter, borehole
seasonal thermal storage (BTES) gives the initial heat load and the gen-set heat recovery unit upgrades
the water temperature to meet the requirements of space heating for residential areas of nearby
communities. This system will not only reduce the energy costs of these communities, but it would
also be more environmentally friendly.
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Figure 1. Schematics of heat recovery, storage, and extraction by use of BTES (not to scale). Note
that, BTES systems are individually represented as hot stream and cold stream for heat-injection and
heat-extraction cases, respectively.
With an operational perspective, ideally, in BTES systems, water is used as the circulating fluid.
Additionally, to have more effective heat transfer between the circulating fluid and the ground, the
boreholes are usually filled with grout after U-tubes are installed. Also, to keep the heat losses at a
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minimum level, borehole fittings on the top surface need to be adequately insulated. Groundwater
(seepage) flows can also lead to the loss of thermal energy. The studies of Xu et al. [30] and Pavlov and
Olesen [31] can be used to better understand the impact of advection (i.e., groundwater movement)
and whether it should be included or not. In this study, ground water movement is assumed to be
insignificant, and therefore, its advective effects are neglected.
According to Lundh and Dalenback [26], in similar heat storage strategies, depending on the size
and scale of the storage facility, at least 3–4 years of constant heat injection without any heat discharge
may be required. This initially allows for a steady-state operational condition to be developed, for a
more sustainable seasonal heat extraction scenario [35]. The present paper studies an exemplary
case of a Canadian remote community called Kwadacha located in Northern British Columbia,
Canada. Kwadacha is an off-grid community that relies on diesel generators for power generation.
Consequently, this study aims to investigate the potential of coupling a BTES system to waste heat
recovery systems integrated into a diesel generator facility and numerically examines the viability of
this energy solution.
3. Methodology
Kwadacha, the subject of this study, is an off-grid, First Nation community based in Prince George,
British Columbia, Canada. Kwadacha, relies on diesel generators for power generation. Table 1 briefly
introduces the community and their energy demands, taken from Natural Resources Canada [36].
Table 1. Energy generation profile of the Kwadacha community [36].
Property Value Unit
Data Year 2016 -
Population 332 -
# Residential Accounts 127 -
System Peak Load 648 kW
Generator Capacity 1.8 MW
Annual Fossil Fuel Generation 2.96 GWh
Annual Diesel Consumption 953,000 l
Diesel Generator Eff. 30.7% -
Table 2 shows the overall recoverable energy which can be captured from waste heat streams of
the Kwadacha’s diesel gen-sets. The recoverable heat is calculated based on conservative heat recovery
percentages. Note that the total recoverable heat is estimated based on average load demands and is
assumed to be available throughout the year. However, this heat will be stored during the summer but
will be used directly (i.e., no storage) during the winter months. Therefore, by using the total amount
of the energy to be stored, an initial estimation of the total number of boreholes is made for a given
borehole depth.
Table 2. Recoverable energy from the 1800 kW gen-set at Kwadacha.
Property Value Unit
System Peak Load 648 kW
Average Load (@ 52% of the Peak Load) 337 kW
Available Heat @ Exhaust 337 kW
Recoverable Heat @ Exhaust 168 kW
Available Heat @ Jacket Water 152 kW
Recoverable Heat @ Jacket Water 106 kW
Total Recoverable Heat 275 kW
Energy Storage (for 6 months or 4,320 h) ~1.19 GWh
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The drilling and installation phase can be considered as one of the most expensive components of
BTES systems. Therefore, a proper design of the system size plays a crucial role in both operational
and financial performance. According to Bernier [37], for practical applications the length of the
borehole can be closely estimated with the help of some important field data (i.e., yearly ground
load, highest monthly ground load, peak hourly load, and so on). However, for the present case,
due to the lack of listed field data, typical ranges for borehole depths accounted in BTES industry
(50 m–150 m) were considered and 100 m was selected and modeled based on the typical properties
listed in Bernier [37]. The 3D geometries used in the model were developed on the Computer-Aided
Design (CAD) software SolidWorks 2017 and are shown on Figure 2. All different types of boreholes
used in the model (i.e., Type I-III) are also shown here and discussed in detail. It was then meshed on
the ANSYS meshing tool and finally imported to ANSYS Fluent 17.1 in which all further simulations
were carried out. To compute the heat transfer and fluid flow on the aforementioned model, the
standard Semi-Implicit Pressure-Linked Equation (SIMPLE) method was employed, that uses velocity
and pressure corrections to solve for conservation of mass, with a second-order upwind discretization
scheme, that allows for a higher accuracy on calculations of cell values based on quantities of cells
upstream of the flow.
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Type II and III.
As seen in Figure 2, all three domains are present on the geometry (ground, grout, and water)
and they were all modelled on the Computational Fluid Dynamics (CFD) software. It is important to
note that the domain has a rectangular shape only for the sake of simplification and ease of modelling
in the CFD platform, as the shape allows for the boundary conditions to be applied simulating a
full borehole grid. A perfect coupling was assumed on both the ground–grout interface and on the
grout–water interface. It was also assumed that there is no transfer of mass through the interfaces,
only heat. A constant mass flow rate of 0.284 kg/s was used. Several flow rates were investigated
for turbulent flows in the pipe and 0.284 kg/s was chosen for its good energy efficiency ratio (EER).
The EER is a measure of the heating capacity of a system in relation to its necessary parasitic power
input. Here, such EER consists of the ratio of heat transfer rate to the pumping power. This value
serves as a tool for comparing the cost-effectivity of different heating/cooling systems. The flow was
assumed turbulent and modeled with the standard k-ε approach for calculation of turbulent kinetic
energy and turbulent dissipation rate. This method is widely used in CFD to model a wide range of
Energies 2019, 12, 656 6 of 14
turbulent flows and was chosen here as it is a robust, computationally economical, and reasonably
accurate in modeling turbulent flows in practical engineering calculations. The bottom boundary of the
ground was considered isothermal at the initial ground temperature (i.e., initial T0 = 10 ◦C assumption
for the virgin ground temperature was selected). The lateral outer walls were considered symmetric
(to reflect the periodicity of the system), and the top wall was assumed to be insulated. The symmetric
boundary is appropriate to simulate an individual borehole inside the grid as it fixes the gradient
normal to these walls to be zero and prevents these walls to act as heat sinks (or heat sources). To
analyze the distinct borehole types, displayed in Figure 3, the domain boundary was extended in the
direction where no neighboring borehole exists, and this sufficiently far away wall was considered
to be isothermal with a temperature equal to the bottom wall as can be also seen on Figure 2. For
these two diverse types of borehole, the lateral distance was increased from half of the center-to-center
distance of the bores (5 m) to 25 m which after examination of several distances demonstrated to be far
enough for the wall not to affect the results or act as a heat sink.
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Hence, after modeling and simulation of the unitary borehole, the results were analyzed to
determine the specifications of the borehole grid necessary to sustain the seasonal thermal storage
needs of Kwadacha. It is worth noting that throughout the paper the boreholes were assumed to be
operating in parallel, allowing for the use of the same inlet temperature for each borehole.
4. Model Validation
To validate the numerical model used in this paper, its results were compared with the experimental
result of Reference [38]. To establish a common ground with the experimental work, the proposed
borehole thermal storage system was re-scaled to the size of the lab experiment explained in Reference [38].
Re-scaling of the model also included the timeframe of the experimental work providing a comparably
higher data resolution of the heat storage process at a shorter timeframe.
Figure 3 depicts the comparison between the experimental data from Reference [38] and the
results generated from the proposed thermal storage model. As shown in Figure 3, a good agreement
can be observed between the proposed model and the experimental data with the maximum relative
error found to be 4%. It is worthwhile to note that both numerical simulation and experimental test
reached the steady state operation within the time shown. This agreement not only proves the fact that
the proposed model represents the reality with a good match, but also it implies that the proposed
model can offer a high-resolution assessment of the initial transient thermal response of the system.
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5. Results and Discussion
A borehole design with the specifications listed in Table 3 was modeled and tested for various
circulating water temperatures to observe the heat stored in the ground. Each borehole’s physical
domain will be affected in a different way based on its distinctive operating conditions and
characteristics. However, simulations showed that boreholes with the same number of immediate
neighbors, would behave similarly and it would be an adequate simplification to implement that
their heat transfer rates are the same (with an average relative error smaller than 1% and maximum
relative error smaller than 5%). The three unitary borehole models, shown in Figure 4, were defined to
represent each one of the three distinctive borehole positions on the grid. The schematic view of these
three distinctive bore types, referred to as Type I (8 neighbors), II (5 neighbors), and III (3 neighbors),
is also shown in Figure 3. The model was used to simulate individual boreholes on the grid and
their results were inferred for all the other boreholes with the same number of neighbors based on
the assumption. Each model was run separately for heat injection and extraction scenarios and the
results were combined. Calculations have shown that a 6 × 6 grid installation with 16 Type I boreholes,
16 Type II, and 4 Type III can handle the overall storage capacity required for the case studied here.
Note that, pipeline wall thickness and related thermal properties are neglected in the simulation as
they have a relatively smaller impact on overall heat transfer over the long-run. However, under
normal circumstances, it is very common to see high-density-polyethylene (HDPE) pipes in real-life
geothermal applications. They are widely preferred due to their higher duration and flexibility.
Table 3. Borehole design parameters.
Property Value Unit
Borehole Design Depth 100 m
Borehole Diameter 6 (0.1524)
in (m)Pipe Diameter 1 (0.0254)
Water Flow Rate 0.284 kg/s
Grout Thermal Cond. 2.1
W/(m.K)Ground Thermal Cond. 1.9
Grout Specific Heat 1850 J/(kg.K)
Ground Specific Heat 1000
Grout Density 2000
kg/m3Ground Density 2500
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Table 4 summarizes the energy storage capacities for each individual type of borehole considered
for the system. As can be seen in Table 4, the position of the borehole directly influences its performance.
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The less neighbors it has, the more energy it is able to store. However, it is also less likely to contribute
to the energy extraction (discharge), as heat can be more easily conducted away from its surrounding
ground. The heat conducted from the ground to the further boundaries is very severe for Type III.
Interestingly, as a result of this heat dissipation effect, Type III bores keep injecting some heat into the
ground even during the extraction period. Despite that, the targeted 1.19 GWh of thermally available
waste energy is well matched with the borehole grid storage capacity, with 12% contingency of the
overall available heat (i.e., 1.33 GWh @ 12% contingency).
Table 4. Results for energy storage (+ sign) for 6 months and extraction (− sign) for 6 months of all
three proposed types of boreholes after thermal pre-conditioning (averaged values over 6 years).












All (Overall Capacity) 36
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−0.35 GWh
As explained previously, to sustain the system effectiveness and provide the necessary level of
heat to the residential areas, the ground was left to be thermally preconditioned with heat injection for
three years. Having waited for this thermal pre-conditioning period, the heat extraction process was
performed for every six months (i.e., winter) which was then followed by a six-month re-injection of hot
water (i.e., summer). Figure 5 illustrates the ground thermal response and average ground temperature
for different heat injection scenarios (i.e., increasing inlet temperatures classified as scenario A to D).
The average ground temperature for Type I borehole grows with increasing injection temperature, as
shown in Figure 5. To shorten the time needed for ground thermal pre-conditioning, the 80 ◦C water
injection scenario is selected. This temperature is completely feasible as this is a closed system where
the water is circulated from the reservoir to the heat recovery units, then to the boreholes and finally
back to the reservoir. Temperature of the water on the reservoir is then expected to be close to the
boreholes’ outlet temperature, i.e., approximately 72–74 ◦C which is then brought back to 80 ◦C before
the injection via the heat available (275 kW) at the exhaust of the generators.
Figures 6 and 7 investigate the 80 ◦C water injection scenario in more detail for the different
borehole types. Both graphs show a declining flux for the first three years while the ground is
pre-conditioned with heat and a periodic behavior for the injection/extraction cycles. It can be noted
that through the cycles the injection flux slowly decreases while the extraction one increases. This is
caused by the overall accumulation of heat in the ground as less heat is extracted than the value stored
(as listed on Table 4). It is important to note that, in winter, after the water receives heat in the BTES,
it is circulated through the gen-set heat recovery unit to have its temperature upgraded for direct
heating applications. The returning water temperature at this case is assumed to be 37 ◦C. These
graphs also display how the performance of the borehole decays as less boreholes are present in its
vicinity. As seen in Table 5. the extraction flux for the Types II and III (shown in Figure 7) are much
lower than for Type I (shown in Figure 6), with Type III even presenting positive fluxes (storage of
heat) during the intended extraction phase.
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Table 5. Annual heat demand of Kwadacha and system sizing details.
Property Value Unit
Av. Heat Demand 66 GJ/year/per house
# Residential Accounts 127 -
Overall Annual Heat Required 2.3 GWh
Heat Provided by BTES 350,000 kWh/year
Diesel Cost 0.13 CAD $/kWh
Annual Savings 45,500 CAD $/year
Diesel Equivalent 32,651 l/year
eCO2 ~90 t/year
Carbon Tax Savings 3150 CAD $/year
Overall Annual Savings 48,650 CAD $/year
Pressure Drop 41.1 kPa/Borehole
Overall Pressure Drop ~1.5 MPa
Overall Power Demand of BTES 422 W
Annual En. Demand of BTES 3700 kWh/year
Operating expense (OPEX) 500 CAD $/year
Net Annual Savings 48,150 CAD $/year
It is also important to evaluate the financial aspect of the proposed BTES system. This is a
fundamental requirement of any borehole project, as these applications may be associated with
relatively high capital costs resulting in financial deficiencies. For a proper financial analysis of the
proposed BTES system, the energy demand for the community was investigated and sized. Table 5 is
briefly discussing the communal energy demand of Kwadacha based on the information published by
Stat Canada [39]. According to Table 5, the achievable overall annual savings are $48,150 which is a
sizeable portion of the heating costs of this community, given the small number of its population.
As underlined in Table 5, it is worth investigating the potential for carbon tax savings, as they vary
based on the amount of the fossil fuel burned and size of the system. As stated by the Government
of British Columbia, the current carbon taxes imposed in this province is CAD $ 35/tonne eCO2 and
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it is estimated to be raised to CAD $ 50/tonne eCO2 by 2021 [40]. The impact of carbon taxes on
similar geothermal projects is extensively discussed in Ghoreishi-Madiseh and Kuyuk [41]. Carbon tax
savings associated with the current project account for 7.1% of the overall savings and are included in
the financial analysis.
On the other hand, capital size of the project is usually site-specific and requires appraisal.
As calculated in Table 6, for this study, the capital expenditure (CAPEX) estimation is made based on
the sources available in literature such as Gupta [42]. Here, it is important to highlight that Gupta’s [42]
cost model includes all the main costs associated with sinking a meter of geothermal borehole (i.e., all
the costs including but not limited to fitting, excavating, pipelining etc. per meter.). Table 6 summarizes
the Capital Expenditure (CAPEX) estimation of the present project based on the listed cost estimations
in Gupta [42].
Table 6. Payback period of the proposed project.
Property Value Unit
BH CAPEX Estimation 50 US $/m
Exchange Rate 1.31 -
BH CAPEX Estimation in CAD 65.5 CAD $/m
Overall Drilling Required 3600 m
CAPEX 235,800 CAD $
Simple Payback 4.90 Years
Comparing the potential savings of Table 5 and the appraised costs of Table 6, it is found that
the simple payback period for the case study is 4.90 years (as shown in Table 6). In a more general
sense, thermal energy storage systems relying on a coupling between low-grade heat source (e.g., solar
energy as heat source) and an underground seasonal thermal energy storage (e.g., borehole thermal
energy storage) have very high payback periods [43], due to relatively lower savings. However, in
the proposed system, the source of thermal energy is the waste heat from diesel exhaust which has
comparatively higher-grade thermal value and can be recovered at much lower costs. Therefore,
the coupling between such high-grade waste heat source and an underground seasonal thermal
energy storage (e.g., rockpile) system offers a viable opportunity for much shorter payback period [44].
This certainly makes the payback period of this proposed system short enough for it to be feasible.
Bearing in mind that the aim of this study was to provide a sustainable and green solution for space
heating in a remote community which is solely dependent on diesel generators for power generation
instead of investigating for viable alternative sources for power, even if there is any.
6. Conclusions
The majority of the remote communities located in cold climates, such as Canada and Norway,
are using diesel generators to sustain their energy provision. In some of the most modern systems,
coupled heat exchangers are used to recover the waste heat from generator jacket water during the
winter season. However, utilization of this waste heat is usually neglected during the summer period
as the heat demand by the nearby community is low. As an environmentally-friendly solution to this
issue, a storage system namely borehole thermal energy storage (BTES) was proposed and introduced.
Furthermore, similar thermal storage systems were also investigated and discussed briefly in this work.
In this regard, the proposed system was briefed and studied by aiming to help remote communities
with applicable generation systems in saving from their carbon emissions and financials of their
energy provision framework. For the scientific validation of the proposed storage technique, a
representative 3-dimensional model of the concept was constructed on SolidWorks and transferred to a
commercially available CFD software named ANSYS/Fluent. Then the model was discretized, meshed,
and solved numerically. Also, several other sensitivity runs were conducted to make sure the optimum
temperature profile for water injection was selected. In delivery of this work, a remote community in
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British Columbia, Canada was chosen as an example community and the source of data was briefly
introduced. It is also worthwhile to mention that all the runs and calculations conducted in this study
are based on real-life data collected from official sources (i.e., NRCan). Consequently, the long-term
performance of the BTES and thermal response of the ground was tested and presented. It was shown
that annually 350 MWh of energy can be stored and provided by the BTES system.
Also, a financial estimation was carried out to evaluate costs versus savings and the payback
period. It was found that for the showcased community of 127 residents, approximately CAD $48,000
savings can be achieved. It was also shown that with the deployment of the proposed 6 × 6 BTES
system, this small off-grid community can lower its carbon foot print by approximately 90 tons of CO2
per year. Finally, it was estimated that the proposed project pays the associated CAPEX in less than
five years.
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